It is necessary to develop prognostic tools of metastatic pancreatic cancer (MPC) for optimizing therapeutic strategies. Thus, we tried to develop and validate a prognostic nomogram of MPC. Data from 3 clinical trials (NCT00844649, NCT01124786, and NCT00574275) and 133 Chinese MPC patients were used for analysis. The former 2 trials were taken as the training cohort while NCT00574275 was used as the validation cohort. In addition, 133 MPC patients treated in China were taken as the testing cohort. Cox regression model was used to investigate prognostic factors in the training cohort. With these factors, we established a nomogram and verified it by Harrell's concordance index (C-index) and calibration plots. Furthermore, the nomogram was externally validated in the validation cohort and testing cohort. In the training cohort (n = 445), performance status, liver metastasis, Carbohydrate antigen 19-9 (CA19-9) log-value, absolute neutrophil count (ANC), and albumin were independent prognostic factors for overall survival (OS). A nomogram was established with these factors to predict OS and survival probabilities. The nomogram showed an acceptable discrimination ability (C-index: .683) and good calibration, and was further externally validated in the validation cohort (n = 273, C-index: .699) and testing cohort (n = 133, C-index: .653).The nomogram total points (NTP) had the potential to stratify patients into 3-risk groups with median OS of 11.7, 7.0 and 3.7 months (P < .001), respectively. In conclusion, the prognostic nomogram with NTP can predict OS for patients with MPC with considerable accuracy.
| INTRODUCTION
Pancreatic cancer is the 7th leading cause of cancer-related mortality worldwide and the 6th one in China. 1, 2 At the time of initial diagnosis, most patients lose the chance of resection. 3 As a consequence, the 5-year relative survival rate of patients with pancreatic cancer remains as low as 6%. 4 Although recently developed regimens of chemotherapy significantly improved the prognosis of advanced pancreatic cancer, only a few strictly selected patients obtained the benefit. 5 Thus, it is necessary to search for reliable prognostic tools for overall survival (OS) providing valuable information for precise decision-making at the time of diagnosis. 6 Up to date, various kinds of prognostic models were reported in pancreatic cancer (Table S1) . [7] [8] [9] [10] [11] [12] [13] [14] [15] Overall, there were 3 common types of models: nomogram, models based on the regression coefficient of prognostic factors and models based on the number of prognostic factors. It seems that only nomogram can provide a valid clinical outcome for each patient and is gradually used in evaluating cancer prognosis. 16 A nomogram is a simple graphical tool integrating diverse prognostic variables and can meet our requirements for the personalized medicine. 17 The most widely used prognostic factors in these models included age, sex, tumor size, performance status, regional lymph node metastasis, distant metastasis, carbohydrate antigen 19-9 (CA19-9), and back pain. Moreover, several nomograms were constructed in pancreatic cancer with different stages. [8] [9] [10] [11] However, most of them were based on retrospective data and none of them mainly focused on metastatic pancreatic cancer (MPC). In one of these studies, there was a large heterogeneity among the enrolled 327 MPC patients with first-line chemotherapy, leading to an inevitable bias. 10 The aim of this study was to develop and validate a nomogram using baseline clinicopathological variables to predict OS of patients with MPC. This model was first developed based on data of the comparator arm in 2 trials (the trial numbers: NCT00844649 and NCT01124786), and then validated externally in another trial (the trial number:NCT00574275) and real-world study.
| METHODS

| Trial selection
Three trial datasets (the comparator arm only) were selected in the Project Data Sphere (PDS), a not-for-profit initiative allowing collective historical cancer clinical trial data to be shared in public. 18 Among them, 2 trials of NCT00844649 and NCT01124786 were the source of the training cohort while the trial of NCT00574275 was taken as the validation cohort. NCT00844649 was a randomized Phase III trial comparing OS and progression-free survival (PFS) between combination of ABI-007 (Albumin-bound Paclitaxel) with gemcitabine and gemcitabine monotherapy in patients diagnosed with metastatic pancreatic adenocarcinoma.
19
NCT01124786 was a randomized phase II multicenter trial comparing CO-1.01 with gemcitabine as first-line therapy in patients with metastatic pancreatic adenocarcinoma.
20
NCT00574275 was a multinational, randomized, phase III double-blind trial comparing the efficacy of aflibercept vs the placebo in patients treated with gemcitabine for MPC. 21 
| Patients
In the 3 trials, the comparator arm was composed of MPC patients treated with gemcitabine as first-line chemotherapy and the primary end point was OS. Furthermore, there were some similarities in both inclusion and exclusion criteria: 
| Statistical analysis
The statistical analyses were performed with R 3.3.1 software (Institute for Statistics and Mathematics, Vienna, Austria) and SPSS statistical software (version 21.0; SPSS Inc, IBM, Armonk, NY, USA). For patients enrolled in the clinical trial, OS was calculated from the date of randomization to death due to any cause or censored at the last known time the participants were alive. Cox regression model was used to investigate independent prognostic factors for OS. Given the prognostic value and β-coefficient of these factors, performance status, liver metastasis, CA19-9 log-value, absolute neutrophil count (ANC), and albumin were further chosen to establish a nomogram to predict median OS time and survival probabilities at 3-, 6-, 9-, and 12-months. The internal validation of this nomogram contained 2 components. First, the C-index was used to assess the predictive accuracy of the nomogram. The second validation component was the calibration plot comparing the predicted survival probability with the actual survival. The internal validation of the nomogram was performed using bootstrapping with 1000 resamples. To give a reasonable discrimination of OS, 2-or 3-risk groups were built based on optimal cut-off values of the nomogram total points (NTP) identified by the Elucidian method 22 or Cox's method, respectively. The Kaplan-Meier analysis was performed to show the stratification of OS in different risk groups. To assess the external applicability of the nomogram, the results were further confirmed in the validation cohort and testing cohort. Two-sided P < .05 was considered statistically significant in all tests.
| RESULTS
| Patient characteristics
The overall study design is shown in Figure 1 . Table 1 demonstrated the baseline clinicopathological characteristics of patients with MPC in 3 clinical trials and real-world cohort. The training dataset included 374 participants from NCT00844649 with a median survival time of 6.7 months and 71 patients from NCT01124786 with a median survival time of 6.0 months. The validation dataset was composed of 273 patients from NCT00574275 with a median survival time of 7.8 months. The testing cohort consisted of 133 patients from real-world study with a median survival time of 6.1 months.
| Prognostic factors for OS
As shown in Table 2 , univariate Cox analysis revealed that 14 of 23 evaluated baseline characteristics were correlated with OS. The 14 baseline characteristics were performance status, liver metastasis, CA19-9 log-value, white blood cell (WBC), ANC, absolute monocyte count (AMC), platelet (PLT), albumin, protein, alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and bilirubin. Furthermore, multivariate analysis showed that 6 factors including performance status, liver metastasis, CA19-9 log-value, ANC, PLT, and albumin were independent prognostic factors.
| Establishment and internal validation of the nomogram
As illustrated in Figure 2 , a nomogram was established based on the results of Cox regression model, considering both clinical and statistical significance when selecting variables for inclusion. 17 The nomogram predicted the median OS time and survival probabilities of MPC patients T A B L E 1 (Continued) at 3-month, 6-month, 9-month, and 12-month. The C-index for OS prediction was .683. After adjustment by bootstrapping with respective 1000 re-samples, the calibration plots were illustrated for 3-month, 6-month, 9-month, and 12-month survival (Figure 3 ).
| Prognostic score based on nomogram for OS stratification
To give a reasonable stratification of OS, the patients were divided into 2 groups on the basis of an optimal cut-off value of NTP identified by receiver operating characteristics (ROC) curve ( Figure S1 ): a low-risk group (NTP < 109, N = 100) and a high-risk group (NTP ≥ 109, N = 306). The median OS of the low-risk group and high-risk group is 11.7 months (95% CI: 9.7-13.8) and 5.6 months (95% CI: 5.0-6.1; P < .001, Figure 4A ), respectively. To give a more specific stratification for patients with high risk, the patients were further categorized into the following tertiles of risk: low-risk group (NTP < 111, N = 110), intermediate-risk group (111 ≤ NTP < 144, N = 186) and high-risk group (NTP ≥ 144, N = 110; Figure 4B ). The OS was significantly different among the 3 subgroups (P < .001). 
| External validation of the prognostic nomogram
Next, we further verified these results in 2 cohorts of external patient population from the comparator arm of the trial of NCT00574275 and real world study. Most of the patients in the validation cohort were Caucasian. As expected, the nomogram exhibited a good discernible ability (C-index .699). The median OS was 9.3 months (95% CI: 7.4-11.2) for the low-risk group and 6.0 months (95% CI: 4.6-7.4) for the high-risk group (P < .001, Figure 5A ). In the 3-risk subgroup, the median OS was 10.6 (95% CI: 8.1-13.1), 7.3 (95% CI: 6.4-8.2) and 4.0 (95% CI: 2.9-5.1) months for low, intermediate and high-risk subgroups (P < .001, Figure 5B ), respectively. In the testing cohort, the nomogram also showed an acceptable discernible ability (C-index .658). The median OS was 9.7 months (95% CI: 5.3-14.1) for the low-risk group and 6.0 months (95% CI: 5.1-6.9) for the high-risk group (P = .012).
| DISCUSSION
The prognosis of pancreatic cancer is affected by various factors. Currently, the lack of an efficient prognostic tool for OS in MPC leads to the difficulty in making decision on precise treatment. To resolve this issue, we used the data from 3 open clinical trials and real-world study to establish and validate a prognostic nomogram based on clinicopathology characteristics. This model showed an acceptable discernibility and good calibration in predicting OS of MPC patients. Also, our results showed that patients with a lower NTP, a prognostic score derived from nomogram, had better OS than those with a higher NTP. The identification of different risk groups with different potential outcome may offer the opportunity to select risk-adapted strategies for MPC. In addition, using this nomograms, patients with MPC can be evaluated and stratified in clinical trials to reduce heterogeneity among different treatment arms.
11
Up to date, many biomarkers have suggested their prognostic value in patients with pancreatic cancer, but only a few of them are routinely used in clinical practice. 7 The only biomarker approved by Food and Drug Administration (FDA) is CA19-9, but approximately 5%-10% of pancreatic cancer patients are Lewis negative, which means they do not express CA19-9. [23] [24] [25] Thus, there is a need in finding a group
F I G U R E 2 Prognostic nomogram
for predicting 3-, 6-, 9-, and 12-mo overall survival probability based on performance status, liver metastasis, CA19-9 log-value, ANC, and albumin in patients with MPC. Each status of 5 independent factors has a corresponding value to the "Points" line at the top of the scale. Then the total point score was calculated by summing these 5 "Points" values. Based on the score, draw a downward vertical line from the "Total Points" line, predicting 3-, 6-, 9-, and 12-mo survival probability in a given patient. The Harrell's C-index for the nomogram was .683. ANC, absolute neutrophil count; CA19-9, carbohydrate antigen 19-9; MPC, metastatic pancreatic cancer of biomarkers to predict comprehensively the prognosis for pancreatic cancer. In this study, we identified 6 independent prognostic factors, including performance status, liver metastasis, CA19-9 log-value, ANC, albumin, and PLT. All of them were previously reported for their prognostic value in pancreatic cancer in spite of controversial results. In our study, the former 5 factors were included into the nomogram based on clinical evidence and statistical significance. 26, 27 Although the P-value for PLT was .021, both 95% CI (1.000-1.002) and β-coefficient (.001) showed its limited effect on the OS when compared with the other 5 factors. Moreover, previous studies focused mainly on the prognostic value of PLT to lymphocyte ratio (PLR).
28,29
The predictive accuracy (usually measured via C-index) and external applicability are always the 2 most important aspects for prognostic models. Intriguingly, the C-index of our nomogram was .683, extremely close to those by Hamada et al (.686) and Vernerey et al (.68), but slightly higher than those reported by Brennan et al (.64) and Ferrone et al (.62). Notably, the former 2 nomograms were developed in patients with advanced (locally advanced or metastatic or both) pancreatic cancer while the latter 2 nomograms were developed in patients with stage I-IV. Thus, it is conceivable that the accuracy of these nomograms will decreased when applied to patients with a larger heterogeneity. Unlike previous studies, our nomogram was validated externally in patients from another independent randomized controlled trial (RCT) and real-world cohort. In the validation cohort and testing cohort, the nomogram also displayed a good applicability with a C-index of .699 and There are several advantages to this study. First, we developed the nomogram based on detailed data from 3 relatively larger international clinical trials (totally included 718 patients) and real-world study (including 133 patients). Second, aside from the convincing source of the data, the nomogram was developed and validated strictly abiding by the recommended guide for nomograms. 16, 17 Specifically, there were 4 steps in establishing this nomogram: definition of the enrolled subjects and outcome, specification for important variables, development and validation. Third, the accuracy of the nomogram was assessed in the training cohort by C-index and calibration while its external applicability was evaluated in the validation cohort and testing cohort. The training cohort, validation cohort, and testing cohort were from independent population, suggesting the robustness of the results. Finally, the biomarkers included in the nomogram were noninvasive, easy to acquire and affordable for the patients, leading to a wide use in clinical practice. Several limitations should be mentioned in this study. First, although a broad spectrum of covariates was included, other factors which might influence OS, such as C-reactive protein (CRP), 30 failed to be evaluated in this model. Second, emerging evidence demonstrates that the RCT condition does not correspond with the clinical real one. 31 For example, over 90% of patients receiving gemcitabine monotherapy in 3 RCTs were with ECOG PS 0-1 or KPS ≥ 80. However, in the clinical real condition, this kind of patients are often recommended to receive combined therapy such as fluorouracil-leucovorin-irinotecan-oxaliplatin (FOLFIRINOX) 32 or gemcitabine plus S-1. 33 Thus, it was reasonable that the predictive accuracy decreased when the nomogram was applied in the testing cohort, and a validation in a larger cohort of "real world" patients with MPC is still required to assess the external applicability of the nomogram.
In conclusion, the prognostic nomogram with NTP can predict OS for patients with MPC with considerable accuracy.
